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The essentials for sporogenesis recently have been hypothesized and experimentally supported by Hardwick and Foster (1952) . They point out, with good evidence, that spore formation appears to involve an endogenous mechanism and consequently is not dependent primarily upon an exogenous energy supply. It is demonstrated further by them that there are two factors essential for sporulation: (1) energy from an intracellular source; (2) nitrogenous precursors which furnish the material for the svnthesis of the spore.
The main objective of the present paper is concerned with this pool of nitrogenous materials and its relationship to sporogenesis. The author is interested in the supposition that perhaps some of the external (peripheral) protein material of the cell, as well as some of the internal protein components, namely, enzymes (Hardwick and Foster, 1953) , may be supplying necessary con- ployed (Hardwick and Foster, 1952 Doak and Lamanna (1948) . H antigen was prepared by the usual treatment of vegetative cells with 0.2 per cent formalin. The spore antigen utilized was a precipitinogen rather than an agglutinogen, which alleviated the confusing condition of spore germination during the agglutination test. The acid extraction method of Lamanna (1942) was emploved to remove the spore antigen from the cell. Spore suspensions were obtained readily by allowing a culture in the standard medium to shake for ten days. A mass culture of spores was produced in this time and caused a flaky appearance on the surface of the culture. These spores were washed with normal saline three times and the surface antigen then extracted with N/20 HCl by boiling for thirty minutes.
After neutralization the spore antigen solution was used for injections and as the antigen in the precipitation reaction. The precipitin reaction was set up as the qualitative ring test. Antiserum (0.3 ml) was pipetted into the bottom of precipitin tubes, and this was overlaid with dilutions of the antigen. Positive results were read from the appearance of a ring of flocculus after standing for one hour at room temperature, 30 C.
Five davs after each injection of the antigen the rabbits were bled from the ear aseptically. 
Downloaded from
The chemical nature of the vegetative antigen was determined in this manner also. Vegetative cells, after 15 hours' shaking, were washed three times and treated in the same way as the spores to remove the cellular antigen.
Heat resistance studies were carried out on the spores according to the technique of Williams (1929) .
RESULTS
The effect of various titers of antisera on the process of sporogenesis appears in the accompanying tables (tables 1, 2, 3, and 4).
It is evident from the tables that too high a concentration of blood serum is deleterious to sporogenesis. In all cases whenever 1.0 ml of serum was added, the natural balance of the cell was upset. This is probably due to some physicochemical process, for blood serum in large enough amounts is known to lower the surface tension of solutions. However, normal serum in 0.5 ml amounts had no effect upon the sporulation of the resting vegetative cells (figure 1).
Antisera for vegetative cell antigen, 0 antigen, and H antigen had no effect on sporogenesis in low titers (figures 2, 3, and 4). Clumping was observed even though the cells had been shaken continuously. The clumping cells contained the endospores which were easily recognized.
Similar results also were obtained for slightly higher titers. Only in the vegetative cell antiserum titer 1:5,120 was there any inhibition, and it was slight, approximately 15 per cent (figure 5). Additional experiments with higher titers of antisera did show some inhibition. As high as 75 per cent inhibition was noted with vegetative cell antisera, titer 1:25,600 (figure 6). This inhibition was decreased by diluting the antibodies or by adding smaller amounts of the initial antiserum. The same results were obtained for both high titers of H and 0 antigens. Results with a heterologous antiserum (spore antigen) showed no inhibition of sporogenesis with varying titers (table 5) . Slight production of homologous antibodies was noted along with the heterologous ones. The antibodies homologous for the spores, but heterologous for the vegetative cells, agglutinated the spores, but they did not prevent the spores from germinating.
Chemical tests on the extracted spore antigen and vegetative cell antigen showed the presence of a carbohydrate-protein complex. The test for carbohydrates was the Molisch test which gave a clear violet ring. The biuret and the Millon protein tests revealed the characteristic purple color for the former and a heavy white precipitate for the latter.
The heat resistance of the spores which were formed in the buffer solution with various amounts of antisera was the same as the spores formed in the buffer alone. There was growth after boiling five minutes; no growth after six minutes' boiling.
DISCUSSION
From the chemical and antigenic tests it is apparent that there was some protein material in the outer layers of this organism. (An investigation of the nature of this material is now under way.) In the sporulation process of mesophilic organisms, it has been shown by Hardwick and Foster (1953) that a protein pool of some soIt is necessary to provide the building blocks for the production of spores by the vegetative cells. They further show that various enzymes of the vegetative cell appear to supply the raw materials-small molecular components as amino acids-for the pool. Therefore, in the conversion of the vegetative cell into a spore there is a decided decrease in these enzymes. The source of some of these raw materials is accepted as coming from the internal protein constituents of the cell, and now from experimental evidence it is likely that the same conclusion can be drawn for the protein material which goes to make up the outer layers of the cell.
Homologous antibodies in relatively high titers had an inhibitory effect upon sporogenesis. These antibodies reacted with specific protein units (antigens) and rendered them inactive. In low titers, e.g., 1:2,560, there was no inhibition of spore formation even though clumping of the cells took place. This latter observation suggests that perhaps with these low titers not enough of the protein groups were inactivated. Therefore, the threshold value of the protein pool was not reached, for the pool could still be supplied from the protein units which were not tied up, as well as from the enzyme protein within the cell. However, in high titers enough of the protein units were inactivated so that they supplied practically nothing to the protein pool. The pool was still being supplied by the enzyme protein, but it falls below the threshold value, and spore formation is inhibited. There is present at this threshold value just enough precursory protein material to bring about the conversion of the vegetative cell into the spore.
As high as 80 per cent inhibition of spore formation was obtained with the antisera of the vegetative cell antigen, H antigen, and 0 antigen. This inhibition can be decreased by diluting the antibodies. This dilution could easily free some of the necessary protein groups and thus reduce the inhibition.
The antigens responsible for the antigenic mosaic of the spores produce antibodies which have no inhibitory effect upon the sporulation process of vegetative cells. The majority of the antibodies are heterologous so far as the vegetative cell is concerned. Consequently, they would not inactivate vital protein units. Some homologous antibodies were produced in low titers. These caused no inhibition of sporogenesis.
ACKNOWLEDGMENT
The author is grateful to M. W. Jennison for his help and suggestions in the preparation of this paper.
SUMMARY
Homologous antibodies of the vegetative cell antigen, H antigen, and 0 antigen brought about inhibition of the sporeforming process in Bacillus cereus. Antibodies heterologous to the vegetative cells (spore antigen antiserum) had no effect on the process. From experimental evidence it appears that the protein components which go to make up the outer cell layer of the organism are essential constituents in the sporulation process.
